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(54) Method for the production of a microcapsuie type conductive filler 

(57) A method for the production of a microcapsule 
(MC) type conductive filler is provided. The method 
comprises (a) immersing minute conductive particles in 
an affinity agent thereby treating the surface of the 
minute conductive particles, (b) immersing and dispers- 
ing the surface- treated minute conductive particles in an 
epoxy monomer thereby forming a suspension, and (c) 
polymerizing the monomer in the suspension thereby 
forming a thermosetting insulating polymer on the sur- 
face of the minute conductive particles. 
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Description 

This invention relates to a method for the production of a nrrtcrocapsule (MC) type conductive filler and more partic- 
ularly to a method for coating the surface of minute conductive particles with an insulating polymer and to an MC type 

5 adhesive agent having dispersed in an adhesive agent the coated MC type conductive filler. 

In the conventional method of adhesion, the adhesion effected by soft soldering or welding where the interface pro- 
duced by this adhesion requires conductivity. The conventionaJ method is effectively applicable only to a limited number 
of materials because of the heat factor In contrast the organic-inorganic composite conductive adhesive agent that is 
composed of a binder using a synthetic resin as a main connponent thereof and a conductive filler using a metal powder 

10 as a main component thereof finds utility in a wide variety of applications that involving different kinds of materials sub- 
j cted to adhesion. This adhesive agent, therefore, is an indispensable medium for conductive adhesion of plastic sub- 
stances (such as epoxy and phenol resins) that do not adhere by soft soldering, for adhesion of NESA glass used in 
liquid crystal display devices, for adhesion of phosphor bronze with a carbon brush used in micrometers, and for adhe- 
sion of lead wires as in quartz osdltators and sdc meters, for example. 

J 5 Particularly, in the semiconductor industry, which has been enjoying significant growth recently. IC's and LSPs of 
increasingly high quality have been developed and mass produced. For the adhesion of these semiconductor chips (sil- 
icon wafers) to lead frames, though the method involving to an Au-Sn eutectic once prevailed, conductive adhesive 
agents formed by kneading an epoxy resin with silver powder now have multiple applications utility owing to their ability 
to lower cost and enhance productivity. 

20 As a resin binder for conductive adhesive agents, while epoxy resin is generally used, polyimide type, phenol type, 
and polyester type resins are also used, though only partially As a conductive filler, minute particles of such metals as 
gold, silver, and copper and amorphous carbon and graphite powder are generally used as well as metal oxides, though 
only partially Silver powder is preferably used over the conductive fillers cited above because it is inexpensive, reliable 
and effective. 

25 The conductive adhesive agent is advantageous in various respects compared with conventional applications such 
as soft soldering and welding though it is not perfectly free from fault. When this conductive adhesive agent is used 
between an LSI chip and patterns for mounting component parts, for example, an increase in the amount of minute con- 
ductive particles that are incorporated in the conductive adhesive agent lowers insulation resistance as illustrated in 
Rg. 1 and increases the possibility of adjacent patterns forming electric continuity. A reduction in the amount of minute 

30 conductive particles reduces the electric continuity between the LSI and the patterns. Data indicate the necessity for 
rigidly controlling the amount of minute conductive particles to be used in the conductive adhesive agent. And at the 
same time, reveal the fact that the minute conductive particles cannot be used in large amounts. 

It is believed possible that this problem can be solved by a procedure that comprises preparing an MC type con- 
ductive adhesive agent having dispersed in an adhesive agent, an MC type conductive filler formed by coating the sur- 

35 face of minute conductive particles with an insulating polymer, applying the MC type conductive adhesive agent to the 
entire surface of the substrate of an IC or LSI chip, exerting pressure to bear on the interface between the chip and pat- 
terns deposited thereon, thereby rupturing the coating layer of the capsules and establishing electric continuity between 
the chip and the patterns, and meanwhile allowing the encapsulated minute conductive particles interposed between 
the adjacent patterns to remain intact and continue to insulate these patterns from one another. 

40 The insulating resins that are usable for coating the surface of minute conductive particles include thermoplastic 
resins and thermosetting resins as classified by kind. In terms of resistance to moisture absorption and electric insulat- 
ing properties, thermosetting resins definitely excel thermoplastic resins. Since thermocompression bonding of a chip 
to a substrate is generally carried out at an elevated temperature of at least 170*'C, the insulating resin to be used is 
required to be stable enough to resist this elevated temperature though few thermoplastic resins can endure this tem- 

45 perature. In contrast, most thermosetting resins can tolerate temperatures in the neighborhood of 200*'C. 

For use as an insulating resin in the MC type conductive filler, thermosetting resins that are advantageous in vari- 
ous respects over thermoplastic resins are suitable. 

For the application of an insulating resin coating to the surface of minute conductive particles, however, the proce- 
dure that involves dissolving the resin in a solvent, spraying the solution on the surface of the minute conductive parti- 

50 cies. and drying the applied coating of the solution is predominant though since thermosetting resins are insoluble in 
solvents, this procedure applied conventionally is difficult and the application of a thermosetting resin coating to the sur- 
face of minute conductive particles, therefore, necessitates development of a novel coating procedure. 

The prior techniques pertaining to the MC type conductive adhesive agent have been disclosed by Japanese Unex- 
amined Patent Publications No. 176.139/1987. No. 76.215/1987. No, 47.943/1988. No. 54.796/1988. No. 

55 103.374/1990. and No. 103.875/1990. for example. 

Rrst. the disclosures of Japanese Unexamined Patent Publications No. 176.139/1987. No. 76.215/1987. No. 
47.943/1988. and No. 54.796/1988 will be described. These patent publications disclose, as conductive adhesive 
agents, those produced by forming an intermediate conductive layer on spherical cores of resin and coating the inter- 
mediate layer with a surface layer of an insulating thermoplastic resin and those produced by coating the surface of 
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minute spherical conductive particles with an insulating thermoplastic resin. Actual mounting of a chip on a substrate 
for a printed circuit by using such a conductive adhesive agent is attained by a procedure that comprises applying the 
conductive adhesive agent to the substrate and thermoconrrpression bonding the chip to the substrate so that the inter- 
mediate layer or the minute conductive particles will discharge a conductive function and the insulating thermoplastic 

5 resin an adhesive function and an insulating function. The techniques disclosed by these patent publications differ from 
the methoa using the MC type conductive adhesive agent of the present invention and these patent publications do not 
mention using a thermosetting resin as an insulating resin for coating the surface of the minute conductive particles. 

Now. the disclosure of Japanese Unexamined Patent Publication No. 103,374/1990 will be described below. The 
invention of this patent publication pertains to an MC type conductive adhesive agent produced by dispersing in a film 

10 of an insulating adhesive agent serving as a binder an MC type conductive filler having minute conductive particles 
coated with an insulating thermoplastic resin or thermosetting resin. Conductive union of two given members using this 
MC type conductive adhesive agent is accomplished by depositing this adhesive agent on the two members and press- 
ing the two members against each other while being heated state. Thus, in the part expected to form electric continuity, 
the impact of the pressure exerted as described above ruptures the insulating resin layer of the MC filler and establishes 

15 the desired electric continuity, whereas in the part requiring insulation, the MC type conductive filler is allowed to remain 
intact and. therefore, retain stable insulation. Inddentaily. this MC type conducive filler is manufactured by plasma 
polymerization or plasma CVO polymerization and there are times when the insulating film of the MC type filler may be 
formed of a thermosetting resin. The number of kinds of thermosetting resins that can be manufactured by the plasma 
polymerization and the plasma CVD polymerization is very small because the number of kinds of gases usable for injec- 

20 tion during the polymerization is not large. Further in accordance with this method of plasma polymerization or plasma 
CVD polymerization, the cost is sufficiently high to render the manufacturing thereof impracticable and productivity is 
inferior because the amount of MC type filler to be manufactured is small 

The disclosure of Japanese Unexamined Patent Publication No. 103.375/1990 will be described below. The inven- 
tion of this patent publication pertains to the use of an MC type conductive adhesive agent produced by coating minute 

25 conductive particles with an insulating thermoplastic resin or thermosetting resin. Actual mounting of a chip on a sub- 
strate for a printed circuit using this MC type conductive adhesive agent is attained by applying the conductive adhesive 
agent to the substrate and thermocompression bonding the chip to the substrate, with the intermediate layer or the 
minute conductive particles discharging a conductive function and the insulating resin on the surface of the minute con- 
ductive particles an adhesive function and an insulating function. Incidentally, this MC type conductive filler is manufac- 

30 tured by either plasma polymerization or plasma CVD polymerization. Thus, these prior techniques are desaibed as 
allowing what is formed by coating the surface of minute conductive particles with a thermosetting resin. In spite of 
these disclosures, thermosetting resins should be unusable for the purpose of coating because they do not melt with 
heat and, therefore, are incapable of functioning as an adhesive. Even if a thermosetting resin is used, the method of 
manufacturing the MC type conductive filler entails a serious drawback as pointed out in Japanese Unexamined Patent 

35 Publication No. 103.374/1990. 

Practically all the prior techniques pertaining to the manufacture of an MC type conductive filler or the conductive 
adhesive agent using this filler invariably use a thermoplastic resin. Even when the patent publications mention usability 
of a thermosetting resin, methods of manufacturing using such a thermosetting resin are not disclosed with sufficient 
specificity or are devoid of practicability and thus, these metiiods cannot be actijally used. 

40 This invention has been produced for the purpose of solving the problems encountered by the prior art as described 
above. The first aspect of this invention, i.e. the method for production of an MC type conductive filler is characterized 
by dispersing minute conductive particles (oil phase) allowing the presence of eitiier both a solvent and a reactive sub- 
stance A or the aforementioned reactive substance A aione on the surface thereof in water having dissolved therein a 
reactive substance B capable of reacting with the reactive substance A (aqueous phase) thereby forming a suspension 

45 or causing either a solvent and at least one reactive substance or. as aforementioned, at least one reactive substance 
alone to be present on the surface of minute conductive particles (oil phase) and dispersing the minute conductive par- 
ticles in water thereby forming a suspension and applying heat or adding a catalyst to the suspension thereby inducing 
the reactive substance to react on the surface of the minute conductive particles thereby forming a thermosetting, ther- 
moplastic, or combined thermosetting-thermoplastic insulating resin. 

50 The second aspect of this invention, i.e. the MC type conductive adhesive agent is produced by dispersing in an 
adhesive agent an MC type conductive filler that is produced by dispersing minute conductive particles (oil phase) 
allowing the presence of either a solvent and a reactive substance A both or the aforementioned reactive substance A 
alone on the surface thereof in water having dissolved therein a reactive substance 3 capable of reacting with the reac- 
tive substance A (aqueous phase) thereby forming a suspension or causing either a solvent and at least one reactive 

55 substance or, as aforementioned, at least one reactive substance alone to be present on the surface of minute conduc- 
tive particles (oil phase) and dispersing the minute conductive particles in water thereby forming a suspension and 
applying heat or adding a catalyst to the suspension thereby inducing the reactive substance to react on the surface of 
the minute conductive particles thereby forming a thermosetting, thermoplastic, or combined thermosetting-thermo- 
plastic insulating resin. 
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The term 'reactive substance" as used in this specrfication refers to a substance that is capable of forming an insu- 
lating polymer on the surface of a filler either by itself or through reaction with another reactive substance. The sub- 
stances that answer this description include monomer components, oligomer components, and polymer components 
that form an insulating polymer, for example. 

The third aspect of this invention, i.e. the method for production of an MC type conductive filler comprises (a) a step 
of immersing minute conductive particles in an affinity agent thereby treating the surface of the minute conductive par- 
tides, (b) a step of immersing and dispersing the surface-treated minute conductive particles in an epoxy nnonomer 
thereby forming a suspension, and (c) a step of polymerizing the monomer in the suspension thereby forming a ther- 
mosetting insulating polymer on the surface of the minute conductive partides. 

The fourth aspect of this invention, i.e. the MC type conductive adhesive agent is produced by dispersing in an 
adhesive agent the MC conductive filler obtained by the method described above. 

The invention will be better understood and objects and advantages other than those set forth above will become 
apparent when consideration is given to the fotlcwing detailed description thereof. The description makes reference to 
the annexed drawings wherein: 

Fg 1 is a graph showing the relation between insulation resistance and conductivity with the amount of minute 
conductive particles as a parameter. Rg. 2 is a flow sheet of the production of a microcapsule type conductive filler. 
Rg 3 is a type diagram of the microcapsule type conductive filler. Rg. 4 is a type diagram illustrating one example 
of a substrate. Rg. 5 is a type diagram illustrating one example of a glass chip. Rg. 6 is a type diagram illustrating 
20 sites for determination of electric continuity resistance and insulation resistance. Rg. 7 is a partially magnified da- 
gram of Rg. 6. Rg. 8 is a photomicrograph of the microcapsule type conductive filler (15.000 magnifications), Rg. 
9 is a photomicrograph of a part of union between a bump and a pad (504 magnifications). Rg. 10 is a type diagram 
illustrating the state of union between a chip and a substrate. Rg. 1 1 is a flow sheet of the production of a micro- 
capsule type conductive filler as the second aspect of this invention, Rg. 12 is a type diagram illustratng a growth 
25 model of a triazine thid film on the surface of metal, and Rg. 13 is a type diagram illustrating the reaction mecha- 
nism of an epoxy monomer with triazine thiol. 

The prindple for the production of an MC conductive filler will be described below. 
30 (Production using one kind of monomer) 

A suspension is produced by dispersing minute conductive partides having the surface thereof treated with a cou- 
pling agent in a solution of a monomer and a reaction initiator (oil phase) and adding the resultant dispersion dropwise 
to water having an emulsifier and a viscosity enhancer dissolved therein (aqueous phase). By applying heat to this sus- 
35 pension for example, the monomer is polymerized in situ on the surface of the minute conductive partides and allowed 
to form a coating thereon. Examples of the monomer that is usable singly herein are divinyl benzene and acryl. A ther- 
mosetting polymer is obtained from divinyl benzene monomer and a thermoplastic polymer from acryl monomer. 

(Production using two or more kinds of monomers) 

40 

A suspension is produced by dispersing minute conductive particles having the surface thereof treated with a cou- 
pling agent in the solution of a monomer in a solvent (oil phase) and adding the resultant dispersion dropwise to water 
having another monomer; an emulsifier. and a viscosity enhancer dissolved therein (aqueous phase). By applying heat 
or adding a catalyst to this suspension, the monomers are interfadally polymerized on the surface of the minute con- 
45 ductive particles and allowed to coat the minute conductive particles. The coating can bei alternatively effected by pre- 
paring a suspension having at least two kinds of monomers dissolved in the oil phase and subjecting the monomers to 
in situ polymerization. Examples of the monomers that are usable in the form of a combination of two monomers herein 
are epoxy/amine and bismaleimide/amine (both producing a thermosetting polymer). 

In the production of the MC conductive filler, the following points must be taken into consideration. 

(1) The minute conductive particles should be treated in advance with a coupling agent. (2) The sp value of the cou- 
pling agent to be used for this treatment should be within ±10 (cal/cnf) ^ of that of the monomer to be used. (3) The 
viscosity of the aqueous phase should be in the range between 20 and 10.000 qps. (4) The suspension shou d be 
stirred at a rate in the range between 50 and 250 rpm to effect the reaction of the monomer. The reason for (1) is 
that since the monomolecular film of the coupling agent on the surface of the minute conductive partdes and the 
monomer molecules are intertwined, the monomer is retained on the surface of the minute conductive particles and 
the coating is effected uniformly. The reason for (2) is that if the sp value deviates from the range of ±1 0 (cal/cm ) . 
the monomer is not thoroughly intertwined with the coupling agent and it is retained on the surface of minute con- 
ductive partides with difficulty. The reason for (3) is that the minute conductive partides settle and agglomerate if 
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the viscosity is less than 20 cps and the separaticn of :he \AC type conductive filler after completion of the coating 
is not obtained if the viscosity exceeds 1 0.000 cps. The reason for (4) is that the minute conductive particies settle 
and agglomerate during the reaction of the monomer if agitation is omitted. 

5 The minute conductive particles to be used for tiis nethod of production of the filler are only required to be made 

of a conductive metallic material. The kind of metallic material is irrespective. For example, minute Cu particles having 
the surface thereof coated with Ag or minute Ag particies are preferacly used. 

The minute conductive particles are preferably spheres or pseudospheres in shape. These minute conductive par- 
ticles preferably have a diameter of not mere tfian 30 am. 

10 The insulating layer of a thermosetting resin for the MC type conductive filler is preferably made cf a cured 
epoxy/amine or bismaleimide/amine type resin. The insulating !ayer of thermosetting resin of the MC type conductive 
filler preferably has a thickness of not more than 3 am. 

This invention pertains in one aspect of an MC type conductive adhesive agent having dispersed in an adhesive 
agent the filler obtained as described above. The adhesive agent that can be effectively used in the MC type conductive 

15 adhesive agent is the same as mentioned above. For exarrrie, an epoxy type one-component polyimide or polyester 
adhesive agent is preferably used. 

The viscosity of the adhesive agent mentioned above is preferably not more than 150.000 cps. The content of the 
MC type conductive filler in the MC type conductive adhesive agent is preferably not more than 50% by volume. 

One preferred embodiment of the method of tNs invention comprises forming a suspension by uniformly dispersing 

20 minute conductive particles allowing the presence cf a solvent and a monomer (monomer A) on the surface thereof in 
water having another monomer (monomer B) dissolved therein and applying heat to the suspension thereby inducing 
the two monomers to react on the surface of the minute conductive particies and form an insulating polymer and con- 
sequently producing a microcapsule type filler, in this method, the monomer A and the monomer 8 are monomer com- 
ponents that are intended to form an insulating polymer. ^A/hen a polyamide is intended to form the insulating polymer, 

25 for example, adipic acid dichloride serves as the monomer A and hexamethylene diamine as the monomer 3. Where 
polyurethane is intended to form the insulating polymer, for example, tetramethylene diisoc/anate serves as the mono- 
mer A and methamethyiene glycol as the monomer 3. 

The solvents that are effectively usable for dissolving the mcnomer A include dichloro ethane, chloroform, carbon 
tetrachloride, xylene, toluene, benzene, dichloromethane. and ethyl acetate, for example. The suspension is heated for 

30 the purpose of promoting the reaction of the monomers therein. The temperature of this heating is in the range between 
normal room temperature and boiling point of the solvent it is selected in accordance with the particular quality of the 
suspension to be heated. 

In the method described above, the minute conductive particles must be treated with a coupling agent before using. 
This treatment serves the purpose of fixing the monomer A on the minute conductive particles. 
35 Further, in the method described above, the viscosity of the aqueous phase having the monomer 3 dissolved 
therein is preferably adjusted so as to fail in the range between 20 and 10.000 cps by the addition of a viscosity 
enhancer. During the application of heat to the suspension mentioned above, the suspension must be stirred at a rate 
in the range between 50 and 250 rpm for reacting the tmo monomers. 

The monomers are preferably used in an amount that is at least sufficient for the monomers to form a film of not 
4C less than 0.05 ^m in thickness on the surface of the minute conductive particles. 

Now. the present invention will be described in detail below with reference to working examples. Of course, this 
invention is not limited to the working examples. 

The affinity enhancer such as triazine thiol, which is used at the step (a) in the method, i.e. the third aspect of this 
invention, allows effective polymerization of the monomers because it is capable of inducing uniform adhesion of the 
45 epoxy resin monomer to the surface of the minute metallic particles and opening the heterocycles in the resin. As a 
result the heretofore difficult coating of the surface of the minute conductive particles with the thermosetting resin can 
be easily attained by the method of this invention. Further, since the coating film of the thermosetting resin is superior 
to the coating film of a thermoplastic resin in strength, the MO type conductive filler can be incorporated in a large 
amount in the adhesive agent and the MC type conductive adhesive agent consequently produced can effect an adhe- 
50 sive union of two given members with higher reliability than ^le conventional technique. 

Now, this invention will be described more specificaJly below with reference to working examples, which are illus- 
trative of and not limitative in any sense of this inventicn. 

Examples 1 to 13 and Comparative Examples 1 to 3 cited hereinbelow pertain to the first and second aspects of 
this invention. 

55 

Example 1 

A microcapsule type conductive adhesive agent was produced with the following materials. 
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Minute conductive particles: 

Minute pseudospheres of Cu having the surface thereof plated with Ag (Ag/Ca average diameter 5 .am). 
Oispersant: 

Titanate type coupling agent. 
5 Monomers: 

Bispheno* A type epoxy (BPA) and tetraethylene pentamine (TEPA). 
Adhesive agent: 

Epoxy type one-component adhesive agent. 

to (1) Production of microcapsule type conductive filler (using a monomer and a solvent respectiveiy in oil phase and 
aqueous phase). 

Coating of silver powder with cured BPA and TEPA 

An aqueous phase was prepared by dissolving 25 g of polyvinyl alcohol. 2 g of an emulsifier. and 10 g of TEPA 
in 400 ml of water. An oil phase was prepared by dissolving 7 g of BPA in 15 ml of dichioroethane and adding to the 
resultant solution 15 g of silver powder treated with a titanate type coupling agent in accordance with the flow chart 
illustrated in Rg. 2. By exposing the oil phase to an ultrasonic wave for 20 minutes, the silver powder agglomerated 
therein was dispersed. Then, the aqueous phase was stin-ed with a homogenizer at a rate of 3.000 rpm and. at the 
same time the oil phase was gradually added dropwise to the stirred aqueous phase to produce a suspension 
allowing the presence of the oil phase on the surface of the silver powder. This suspension was kept at 60^C and 
stirred with a three-one motor at a rate of 180 rpm for four hours. Thereafter, a microcapsule type conductive filler 
A having the surface of minute conductive particles (Silver powder) coated with a polymer as illustrated in Fig. 3 was 
separated and dried at SO^'C for 30 minutes, to afford an MC type conductive filler. 

Since the production of this MC type conductive filler forms the subject matter of this invention, the production 
of the MC type filler set forth in Example 1 above will be described more specifically below (in the following descnp- 
25 tion. the amounts of part of the raw materials are different from these of the preceding paragraph). 

1.1 Treatment of fine metallic particles with a coupling agent 

To ensure retention of the monomer on the surface of fine metallic particles, the following treatment with a cou- 
pling agent was carried out In 50 ml of ethanoi. 0.3 g of a titanate type coupling agent and 6 g of minute Ag/Cu . 
partides were retained at 60»C and subjected to ultrasonic dispersion for 10 minutes. Then, by keeping the solution 
at 60^C and expelling ethanoi by distillation, the treatment of the sufface of minute metallic particles with the cou- 
pling agent was effected. Incidentally, the amount of coupling agent to be used must be in the range between 0.1 
and 10% by weight and is preferably 5% by weight, based on the amount of the minute metallic particles. The rea- 
son for the particular range is that the surface of the minute metallic partides cannot be uniformly coated with the 
coupling agent if the amount is less than 0.1% by weight and the minute metallic particles cohere if the amount 
exceeds 10% by weight. Further, the solubility parameter of the coupling agent is desired to be withm ±10 
(cal/cm2)i^ ^hat monomer to be used in the oil phase. This range is important for the purpose of improving 
the molecular intertwining of the coupling agent and the monomer. 

1 .2 Preparation of aqueous phase 
An aqueous phase was prepared by dissolving 1.5 g of an emulsifier. 14.5 g of PVA (viscosity of the aqueous 

40 phase 20 cps). and 1 0 g of TEPA in 200 mi. Here, the amount of PVA to be added must be controlled so as to adjust 
the viscosity of the aqueous phase in the range between 1 and i .000 cps and predude the othen^ise possible sed- 
imentation of the.minute metallic particles. 

1.3 Preparation of oil phase ^ . * * /r- 
An oil phase was prepared by dissolving 10 g of BPA in 30 ml of ethyl acetate and adding 7 g of minute Ag/Cu 

46 partides to the resultant solution. The solvent to be used for the oil phase must exhibit solubility of not less than 
0 1% in water. If a solvent not satisfying this condition is used, the solvent in the produced MC filler intervenes 
between the polymer and the minute metallic partides and. when this MC filler is used in the conductive adhesive 
agent, the entrapped solvent causes con-osion of the product of union. The solubility of the solvent to be used is 
preferably about 3% in water. 
50 1 A Dispersion of minute Ag/Cu particles 

The oil phase was exposed to an ultrasonic wave for 10 minutes to effect thorough dispersion of the minute 
Ag/Cu partides therein. Though the minute Ag/Cu partides used in this example were spheres in shape, tfie coat- 
ing is equally effected when these particles are pseudospheres or fish scales in shape. When the MC filler is 
intended for use in the MC type conductive adhesive agent, the particles in the shape of fish scales are not used 
55 advantageously because they do not serve as spacers between the bump and the pad as shown in Table 8. 
1.5 Preparation of suspension 

A suspension was prepared by stin-ing the aqueous phase with a homogenizer at a rate of 4.000 rpm and. at 
the same time adding the oil phase gradually to the stirred aqueous phase dropwise. The operating speed of the 
homogenizer must be in the range between 500 and 10.000 rpm. The reason for the particular range is that no 
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homogeneous suspension is obtained if the speed is less than 500 rpm and the minute Ag/Cu partides are dam- 
aged if the speed exceeds 10.000 rpm. 
1.6 Interfacial polymenration reaction 

The suspension prepared in 1.5 above '^s stirred with a three-one motor at ISO rpm and heated at SO**C to 
5 induce a reaction for four hours. The stirring must be carried out with an operaticnat speed kept in the range 

between 50 and 250 rpm.. which prevents sedimentation of the minute metallic partides (to which occurs if the 
speed is less than 50 rpm), cohesion (which occurs if the speed is larger than 250 rpm) during the interfaciaJ polym- 
erization reaction. 

(2) Observation of cross section of microcapsule type conductor filler 

10 The microcapsule type conductive filler produced as described above was buried in an epoxy resin, allowed to 

set therein, and cut with a microtome to expose the cross section of the filler for visual observation. 

(3) Confirmation of insulation of microcapsule type conductive filler 

The filler was dispersed between two opposed glass substrates having the surface thereof coated with ITO and 
tested for insulation between the glass substrates. 
15 (4) Preparation of conductive adhesive agent 

The microcapsule type conductive filler prepared in (1) above was mixed in a voluminal proportion of 20% with 
an epoxy type one-component adhesive agent. The resultant mixture was thoroughly stirred to effect dispersion of 
the filler therein to afford a miaocapsule type conductive adhesive agent. 
(5) Bonding of chip to substrate 
20 A 40 um conductive adhesive agent prepared in (2) above was uniformly applied to a substrate (number of 

pads 128. interval between pads 100 um. and size pad 200 um a) illustrated in Rg. 4. The substrate and a glass 
chip (128 pins) illustrated in Rg. 5 to which the substrate was tacked by bumping were subjected to thermocom- 
pression bonding at a temperature of i TO^C. 30 sec. and 35 g/bump. In the diagram of Rg. 4. 2 represents an elec- 
trode and 4 represents an electrode to be used for such evaluations as a test for electric continuity. 
25 (6) Test for electric continuity and test for insulation 

The product of union obtained by bonding in (3) above tested for electric continuity by the four-terminal 
method using the sites of measurement illustrated in Rg. 5 and Rg. 7 and was tested for insulation by using a high- 
resistance meter (Insulation resistance meter). 

incidentally, the measurement of electric continuity was made at circuit 1. circuit 2. circuit 3. and drcuit 4 and 
30 that of insulation resistance at insulation part 1 . insulation part 2. and insulation part 3 as illustrated in Rg. 7. 
(7) Observation of state of adhesion of chip to substrate 

The product of union obtained by bonding in (3) above was sectioned and the cross section consequentiy 
exposed was visually examined to determine the state of adhesion of the filler to the chip and the substrate. 

35 (Results) 

(1) Observation of cross section of microcapsule type conductive filler 

Rg. 8 is a photograph of a cross section of the microcapsule type conductive filler. It is dearly noted from the 
photograph that an insulating polymer was present on the surface of a minute conductive partide. indicating that 
40 the particle was completely coated. 

(2) Confirmation of insulation with microcapsule type conductive filler 

The two opposed glass substrates were found to be insulated from each other, indicating that the miaocapsule 
type conductive filler served to effect insulation. 

(3) Measurement of electric continuity 

43 The results of the test for electric continuity are shown in Table 1 . All the circuits used for the test invariably 

showed highly satisfactory results of electric continuity not exceeding 1 .5 O (not more than 0.2 O per joint). 

To be specific, the chip and the substrate were joined as illustrated in Rg. 10 and the electric continuity resist- 
ance was not more than 0.2 n per joint and. in spite of the high filler content of 20% by volume, the adjacent pat- 
terns showed highly satisfactory insulation in the order of 1 < 10^^ CI. 

so 
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Table 1 



5 



Electric contmutty resistance 


Side of measurement 


Circuit 1 


Circuit 2 


Circuit 3 


Circuit 4 


A 


1.1034 


1.1298 


1.0865 


1.2051 


B 


1.1298 


1.2114 


1.1695 


M326 


C 


1.2365 


1.1511 


1.1233 


1-1519 


D 


1.2562 


1.1145 


1.2314 


1.1413 


In:n 



15 

(4) Measurement of insulation resistance 

Table 2 shows the results of the test for insulation resistance. Even though the amount of filler incorporated was 
as large as 20% by volume (substantially equal to the amount of silver paste for a die bond), the adjacent patterns 
20 displayed highly satisfectory insulation of not less than 10^ fi. 



Table 2 



Insulation resistance 


Side of measurement 


Insulation 1 


Insulation 2 


Insulation 3 


A 


3.6 


2.5 


2.3 


B 


2.1 


2.6 


3.0 


C 


1.5 


2.7 


3.0 


D 


1.3 


2,0 


3.0 


In:10'^O 



35 

(5) Observation of state of union between chip and substrate (bump and pad) 

Rg. 9 is a photograph showing a cross section of the joint between the bump and the pad. It is dearly noted 
from this photograph that the microcapsule type conductive filler was amply present between the bump and the 
40 pad. 

Example 2 

A microcapsule type conductive filler was produced by faithfully following the procedure of Example 1, except that 
45 minute Ag particles (average diameter O.i iim) were used instead as minute conductive particles. It was e^/aluated in 
the same manner as in Example 1 . 

(Results) 

50 (1) Observation of cross section of microcapsule type conductive filler 

Similarly to the filler illustrated in Rg. 8, an insulating polymer was found to have uniformly coated the surface 
of agglomerated minute conductive particles. 
(2) Confirmation of insulation with microcapsule type conductive filler 

The filler showed the same degree of insulation as found in Example i . 
55 (3) Measurement of electric continuity resistance 

The electric continuity resistance was substantially the same as in Example 1 . 

(4) Measurement of insulation resistance 

The insulation resistance was substantially the same as in Example 1 . 

(5) Observation of state of union between chip and substrate (bump and pad) 
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Similarly to the product of union illustrated in Rg. 9, the microcapsule type conductive filler was amply present 
between the pad and the bump. 

gxamole 3 

5 

Microcapsule type conductive filler and adhesive agent were produced by faithfully following the procedure of 
Example 1 . except that 1 0 g of bismaleimide (BMI) and 0. 1 g of dtazobicydoundecene were used in place of the mon- 
omer SPA. They were evaluated in the same manner as in Example 1. 

10 (Results) 

(1) Observation of cross section of microcapsule type conductive filler 

Similarly to the product of union illustrated in Rg. 3. an insulating polymer was found to have coated minute 
conductive partides comptetety. 
15 (2) Corrfirmation of insulation with microcapsule type conductive filler 

The filler showed the same degree of insulation as in Example 1 . 

(3) Measurement of electric continuity resistance 

The filler showed the same degree of electric continuity resistance as in Example i. 

(4) Measurement of insulation resistance 

20 The filler showed the same degree of insulation resistance as in Example 1 . 

(5) Observation of state of union between chip and substi'ate (bump and pad) 

The state of union was the same as that found in Example 1 . 

Comoarative Example 1 

25 

(1) Preparation of microcapsule type conductive filler 

A microcapsule type conductive filler was produced by the coating method described below using tiie following 
materials. 

30 Minute conductive particles: 

30 g of minute Ag/Cu particles (same as those of Example 1) 
Polymer: 

PMM A (average particle diameter 0.15 .um) (m.p. 1 SS'C) 

35 A microcapsule type conductive filler coated with PMMA was produced by dissolving 5 g of PMMA in 100 ml of 

xylene, spraying the resultant solution into minute conductive particles, and drying tine particles (for expulsion of 
xylene). 

(2) Observation of cross section of microcapsule type conductive filler 

(3) Confirmation of insulation with microcapsule type conductive filler 
40 (4) Preparation of conductive adhesive agent 

(5) Bonding of chip to substrate 

(6) Test for electric continuity and test for insulation 

(7) Observation of state of union between bump and pad 

45 The operations of (2) to (7) indicated above were carried out in the same manner under the same conditions as 
those of (2) to (7) of Example 1 . 

(Results) 

50 (1) Observation of cross section of microcapsule type conductive filler 

Similarly to the minute conductive partides of (7), Example 1 illustrated in Rg. 8. the filler partides were found 
to be completely coated with PMMA. 

(2) Confirmation of insulation with microcapsule type conductive filler 

Similarly to the filler of Example 1 . tiie microcapsule type conductive filler retained insulation. 
55 (3) Measurement of electiic continuity resistance 

All the circuits, similarly to those of Example 1, showed highly satisfactory electric continuity resistance of not 

more than 1.5 O. 

(4) Measurement of insulation resistance 

Table 3 shows the results of tine measurement. Of the total of 12 insulation parts, two insulation parts showed 
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electric continuity, probably because the bonding was nnade at a tenperature of 200*'C and the PMMA was conse- 
quently decomposed or fused to establish contact between the minute conductive particJes. 



Tables 



w 



15 



Insulation resistance 


Side of measurement 


Insulation 1 


Insulation 2 


Insulation 3 


A 


1.5 


2,5 X 10" 


510 


8 


2.1 x 10" 


8 


150 


C 


20 


2.7 X 10" 


26 


D 


35 


10 


3.0 X 10" 


In: a 



(5) State of union between bump and pad 
20 Similarly to the results of (5) in Example 1 , the microcapsule type conductive filler was amply present between 

the bump and the pad. 

Comparativ e Example 2 

25 Preparation of microcapsule type conductive filler 

' A microcapsule type conductive filler was produced by faithfully following the procedure of Example, except that Cu 
partides 60 um in diameter were used as minute conductive particles. 

The produced microcapsule type conductive filler was evaluated in the same manner under the same conditions as 
30 desaibed in (2) to (7) of Example i. 

(Results) 

The produced filler having the surface thereof completely coated with a polymer showed insulation. The electric 
35 continuity resistance and the state of union between the bump and the pad were equal to those obtained in Example 1 . 
No insulation was retained between the adjacent pads. 

Comparative Example 3 

4o A microcapsule type conductive filler produced by following the procedure of Example 1 was mixed with an epoxy 
type adhesive agent having a viscosity of 210.-000 cps. 

(Results) 

45 The filler could not be dispersed in the adhesive agent because the viscosity of the adhesive agent was unduly 
high. 

Example 4> 

50 The use of two kinds of monomers, a thermosetting resin, and a solvent was omitted and a monomer were used in 
both the oil phase and the aqueous phase. 

A microcapsule type conductive filler and a microcapsule type conductive adhesive agent were produced by faith- 
fully following the procedure of Example 1. except that an oil phase obtained by disperang 7 g of conductive particles 
treated with a coupling agent in 10 g of BPA in accordance with the flow sheet shown in Fig. 2 was used dichloroethane 

55 instead of ettiyl acetate solvent in the oil phase. They were evaluated in the same manner as in Example 1. 

(Results) 

In all the items of evaluation, the results were equal to those obtained in Exanople 1. 
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One kind of monomer was used and a thermosetting resin and a soK/ert were used, and one kind of monomer was 
used in the oil phase. 

5 A miaocapsule type conductive filler and a microcapsule type conductive adhesive agent were produced by follow- 

ing the procedure of Example 1, except that an aqueous phase was prepared by dissolving 12 g of polyvinyl alcohol 
and 1 .5 g of an emuisifier in 200 ml of water and a solution of 10 g of divinyl benzene and 0. 1 g of benzoyl peroxide in 
15 ml of ethyl acetate was used as an oil phase. 

w (Results) 

In all the items of evaluation, the results were almost the same as those obtained in Example 1. 

IS 

Two kinds of monomers were used, including a thermosetting resin and a solvent, and two kinds of monomers were 
used in the oil phase. 

A microcapsule type conductive filler and a microcapsule type conductive adhesive agent were produced by follow- 
ing the procedure of Example 1, except that an aqueous phase was prepared by dissolving 12 g of polyvinyl alcohol 
20 and 1,5 g of an emuisifier in 200 ml of water and an oil phase was prepared with 15 ml of ethyl acetate and 5 g of imi- 
dazole. They were evaluated in the same manner as in Exannple 1. 

(Results) 

25 In all the items of evaluation, the results were nearly the same as those obtained in Example l. 
Example 7 

Two kinds of monomers and a thermosetting resin were used only in the oil phase and no solvent was used. 
30 An MC filler and an MC conductive adhesive agent were produced by faithfully following the procedure of Example 
6. except that the use of ethyl acetate was omitted. They were evaluated in the same manner as in Example 6. 

(Results) 

35 In all the items of evaluation, the results were nearly the same as those obtained in Example 1. 
Example 8 

One kind of monomer and a thermosetting resin were used and no solvent was used. The monomer was used in 
40 the oil phase. 

A microcapsule type conductive filler and a microcapsule type conductive adhesive agent were produced by follow- 
ing the procedure of Example 2. except that an aqueous phase was prepared by dissolving 12 g of polyvinyl alcohol 
and an emuisifier in 200 ml of water and an oil phase was prepared by dispersing in 10 g of divinyl benzene 0.1 g of 
benzoyl peroxide and 7 g of minute conductive particles treated with a coupling agent in accordance with the flow sheet 
45 illustrated in Fig. 2 without using ethyl acetate (solvent). They were evaluated in the same manner as in Example 2. 

(Results) 

In ail the items of evaluation, the results were nearly the same as those obtained in Example 1. 

50 

Example 9 

A blend of a thermoplastic resin and a thermosetting resin and a solvent were used. The monomer was used in the 
oil phase. 

55 A miaocapsule type conductive filler and a microcapsule type conductive adhesive agent were produced by toiiow- 
ing the procedure of Example 1 . except that 5 g of methyl methacrylate. 5 g of bismaleimide. and 0.1 g of azoisobuty- 
ronitrile were used as monomers in place of BPA and TEPA. They were evaluated in the same manner as in Example 1 . 
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(Results) 

In all the items of evaluation, the results were nearly the same as those obtained in Example i . 

A blend Of a thermoplastic resin and a thermosetting resin and a solvent were used. The monomer was used in the 

« nnma^^cSS^ of Examolel except that an aqueous solution was prepared by dissolving 12 g of polyvinyl aJcohoK 
?5 J^'S i^s«t ^5 % 'oTheSmethylene diamine in 200 ml of water and a solution of 7 g of ^'<'^f^J 
gif BPATn ci i^l acetlte was used as an oil phase. They were evaluated in me same manner as ,n Example 1 . 

(Results) 

In ail the items of evaluation, the results were nearly the same as those oiDtained in Example i- 

A blend of monomers was used in the oil phase and no solvent was used, ^ ^ m 

in "c fSe^ndTMC type conductive adhesh^e agent were produced by ^'lowingme procedure of Example 10. 
except that ethyl acetate was omitted. They were evaluated in the same manner as Example 10. 

(Results) 

In all the items of evaluation, the results were nearly the same as those obtained in Example i. 
gxamole 12 

A blend of monomers was used in the oil phase and the aqueous phase and no solvent vras used^ 
in MC t^e fSler a^ an MC type conductive adhesive agent were produced by 
1 1 . except tJ!at ethyl acetate was omitted. They were evaluated in the same manner as ,n Example 1 1 . 

(Results) 

in all the items of evaluation, the results were nearly the same as those obtained in Example 1. 
Exanmle 13 

An MC type filler produced by the procedure of Example 1 was tested for the following items. 

(11 Effect of sp (solubility parameter) value of coupling agent on production of MC type filler ^ ^ 
St the remits of the test perfom,ed on MC fillers prepared using coupl-ng agents of drfferent sp val- 

ues with respect to electric continuity. 

Table 4 



30 



35 



40 



45 



SO 



55 



Results of test of MC type filler for insulation 


Difference of sp values of 
coupling agent and mon- 
omer 


Results of test for insula- 
tion 


0 


Insulation 


5 


Insulation 


10 


Insulation 


11 


Electric continuity 
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The results indicate tfiat the difference between the sp value of the mcncmer (epoxy resin) and th sp ^yaiue of 
the coupling agent must be within 10 {cal/cm^)'^. The possible reason for this fimit is that the monomer molecules 
and the coupling agerrt molecules are intertwined with difficulty and retention of the monomer on the surface of the 
5 minute conductive particles is not attained. Inddentaily. the sp value of the epoxy resin is 10.9 (cal/cm*^)^'^. 

(2) Effect of viscosity of aqueous phase on stability of suspension 

Table 5 shows the results of the test performed involving the effect of changes in the viscosity of the aqueous 
phase on the stability of the suspension. 

70 

Tables 



Relation between viscosity of aqueous phase and suspension 


Viscosity of aqueous 
phase (cps) 


10 


20 


100 


1000 


10000 


11.000 


Stability of suspension 


Sedimentation of 
minute conductive parti- 
cles observed 


Stable 


Stable 


Stable 


Stable 


Suspension not pro- 
ducible and separation 
of MC filler after reac- 
tion not affectbie 



The results indicate that the viscosity of the aqueous solution is proper in the range between 20 and 10.000 

cps. 

25 (3) Effect of stirring speed on stability of suspension 

Table 6 shows the results of the test performed involving the effect of the stirring speed (30. 50. 250, and 300 
rpm) on the stability of the suspension. 



Relation of speed of stirring and stability of suspension 


Speed of stirring 


30 


50 


250 


300 


Stability of suspension 


Sedimentation of minute con- 
ductive particles observed 


Stable 


Stable 


Adhesion of minute conductive 
particles to beaker wall observed 



The results indicate that the stirring must be carried out at a rate in a range between 50 and 250 rpm. 
40 (4) Relation of particle diameter and insulation resistance of minute conductive particles 

Table 7 shows the results of the test performed on minute conductive partides of diameters 10, 30. 50. and 70 
nm for insulation. 



Table 7 



Relation between particle diameter and insulating 
property of coated minute conductive particles 


Particle diameter (pm) of 
minute conductive parti- 
cles 


Results of test for insula- 
tion 


10 


Insulation 


30 


Insulation 


50 


Insulation 


70 


Electric continuity 
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The results indicate that the minute conductive particles to be used should have a diameter of not more than 
50 nm. 

(5) Relation between shape and eiectric continuity resistance of minute conductive partides. 

Table 8 shows the results of the test performed on minute conductive partides having different shapes of 
5 spheres, pseudospheres. and fish scales 'wth respect to electric continuity. 



Tables 



Relation between shape and conductivity of miruite 
conductive particles 


Shape of minute conduc- 
tive partides 


Conductivity (Number of 
defective portions/number 
of sites of measuremem) 


Spheres 


0/100 


Pseudospheres 


0/100 


Rsh scales 


23/100 



20 

In the case of a filler using minute partides of the shape of fish scales, the surface completely coated with a 
polymer, the insulation was satisfactory, and the adjacent pads were insulated from each other. Absolutely no elec- 
tric continuity was established. Though the filler was present between the bump and the pad, it failed to serve as a 
2S medium for union thereof. The results indicate that the minute conductive particles should be in the shape of either 
spheres or pseudospheres. 

(6) Relation between thickness and electric continuity resistance of an insulating resin layer 

Table 9 shows the results of the test performed on insulating resin layers formed of the MC type conductive filler 
with different thicknesses witti respect to electi-ic continuity 

30 



Table 9 



Relation between tiiickness and conductivity of insu- 
lating resin 


Thickness (\xm) of insu- 
lating resin 


Resistance per site of 
measurement (O) 


0.1 


0.1 


2.0 


0.4 


3.0 


0.5 


4.0 


1.5 



45 

It is noted from Table 9 that the resistance to eiectric continuity was high and points of poor electi-ic continuity 
were detected when the thickness of the insulating resin layer (coating layer) was 4.0 urn. The results indicate that 
the tfiickness of the insulating resin layer is desired to be not more than 3 jum. 
(7) Content of MC type filler 

50 Table 10 shows the relation between the MC type filler and the state of curing of the adhesive agent. 
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Table 10 . 



I amo unt oi ■ " ' 

" vh^rt fiO% bv volume. Now, 

third and fourth aspects Of this itw 



the third 



5 



30 



35 



40 



45 



50 



SCl^ nrnduced With the following materials. 

.„,.=on.^ve.a.c,«:«~»C.ps...o..«. ^^^^^^^^^^^^^^^^ 

curing agent). . ....p™ , ^ sn« and n^rWKl under Mdemark design 

required >i the conceni oq because the speea " - range of 30 ± 3 niir u -avipq that 

d^ired to be in me range o 20 3^C^^ ^^^^'^^^ZX^^ 

3.ou.dbeopt.rn^torob^-^ 
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R 

N N-H 




N 
H 



20 



25 



30 



(Wherein R stands for a group represented by -SH. -N(CH3)2. -NHC5H5. -NCC^Hgia. -NCCaHirh. -N(C,2H25)2. - 
N(CH,CH-CH2)2. -NHCaHieCH^CHCaH,;. -NCH2CsH4CH»CH2(C3H,7). or -NHC6H4). 

VW^en the minute metallic particles are subjected to a surface treatment with this triazine thiol, there ensues a reac- 
tion ^h" Which a mcncmolLar film of triazine thiol is formed on the surface 0* ^^^^^f *^ 
fiRt sTep and the monomolecular film develops into a polymolecular film .n the second step ^^^-JZ. 
tJe result that the surface of the minute metallic particles will be coated with the tnazme th.ol f.lm. When me njnUe 
metLIS^oaVtSles that have undergone the surface treatment are mixed w,th an epoxy monomer, the tnazine thiol a;^ 
^ a aoSS agerJ for the epoxy monomer to undergo a reaction illustrated in Rg. 13 and gives rise to a cured 
?o^u« S Soxy consequently, in MC type conductive filler having a surface of the minute metallic parfcles coated 
with the epoxy resin is obtained. 

Here, it is necessary to pay attention to the following points. 

(1) The production of the triazine thiol film must be carried out in an atmosphere of nitrogen. (2) -"^e triazine thiol 
concenVation must be not more than ^0-^ mol/lrter. (3) The reaction of me ^.^^^^"^^J^ ^-^^^ 

suspension stirred at a rate in the range between 50 and 250 rpm. The reason for (1) ^that the minute metanic 
readily undergo corrosion in the presence of air because they h^e a large surface area. The reason for 
?2)Tma concent^^^ of RTD (triazine thiol) must be kept below lO'^ mol/liter because the f^o^JJ^^^;^ 
SilS from the amount of unreacted RTD. THe reason far (3) is that the minute metallic particles settle and 
agglomerate during the reaction of the monomer when stirring is omitted. 
(2^ Observation of cross section of capsule type minute metallic particles 

^e p^ucS «irer was embedd«i in the epoxy resin, flowed to cure, and cut with a miaotome to expose a 
cross section of the capsule type minute metallic particle to visual obsen/ation. 

(3) Confirmation of insulation with capsule type minute metallic particles insulation 
«r The produced MC type conductive filler was agglomerated into a cohering mass and tested tor insulation 

resistance with an insulation resistance meter used at freely selected points of measurement 

rMf;pe c^ntSTe'Sht^^^^^^ produced by mixing an MC type conductive adhesive agent with 

20% by^l^^^of th?^^^^^ conductive fnier prepared in (1 ) above. The results of me test indicate me viscos.^ 
^ o?me produced adhesive agent was so high as to jeopardize me workability if the voluminal ^^^^ 
20% me produced adhesive agent was barely usable if me voluminal proportion was up to 60% 0* *>« J^^ t^e 
condurfve filler, and me adhesive agent included parts allowing no electric «.rmnurty ^17?,""'^' S^^^^ 
was unduly small. Thus, me optimum content of me MC type filler is fixed at 20% by volume. Here, me adheswe 
agent used herein was a one-component type for facilitating me process of production. 

" T^slS^i ."s" 4 to which me conductive adhesK^e agent produced in (4) above was applied and 

a glass chfp 02^^^^^^^^^^^ M". pitch, and electrode interval 1OO .m) illustrated in Fg. S on which stud bumps were 
formed were subjected to mermocompression bonding at 1 75'C. 30 s. and 20 gAump. 

(6^ Test for electric continuity and test for insulation «K„«,<»*niir 

50 Samples of me product of union indicated in (5) above were tested for electric continuityresistance by me four^ 

termfnaTSemc^ us^^^^^^ points of measurement illustrated in Fig. 6 and Fig. 7 and tested for resistance w.m a 

resistance meter 



(Results) 



55 



(1) Observation of cross section of microcapsule type conductive filler :„,..,^tinn rp^in as illus- 

The condition of the surface of minute conductive partides coated uniformly with an insulating res.n as .llus 



trated by a type diagram of Fig. 3 was confirmed. 
(2) Insulation resistance of microcapsule type conductive filler 



16 



ir-r , "SO OTTni 77A1 > 



EP 0 733 177 A1 

Hie magnitudes of insulation measured at all the points invariably exceeded a high level of i x 10^^ O. 
(3) Measurement of electric continuity resistance artd insulation resistance between bonded chip and substrate 

The union between the chip and the substrate was obtained as illustrated by a type diagram in Fig. io. The 
magnitudes of electric corrtinuity resistance were satisfiactory. invariably failing below 0.2 a per point of corrtact. 
5 Though the filler was incorporated in such a large proportion as 20% by volume, highly satisfactory insulation of 1 

X 10' ^ O was found between the adjacent patterns. 

This example represents one case of using tiazine thiol as an affinity agent. This invention is not limited to this par- 
ticular affinity agent Naturally, any compound possessing a reactive group that exhtoits affinity for both the metal and 
10 the monomer intended to coat the metal can be used as an affinity agent 

Example 15 

In the production of capsule type minute metallic partides by the procedure of Example 14. the stirring of the sus- 
75 pension was carried out at varying rates of 30, 50. 250. and 300 rpm to determine the effect of the stirring speed on the 
stability of the suspension. 

(Results) 

20 Table 1 1 shows the effect of the stin-ing speed (30. 50. 250. and 300 rpm) on the stability of the suspension. The 
results indicate that the stin-ing speed must be in the range between 50 and 250 rpm for the sake of suspension stability. 



Table 1 1 



Relation between stirring speed and suspension stability 


Speed of stirring (rpm) 


30 


50 


250 


300 


Suspension stability 


Sedimentation of minute con- 
ductive particles observed 


Stable 


Stable 


Adhesion of minute conductive 
particles to beaker wail observed 



35 5;<aTOl^ 1g 

An MC type conductive filler and a capsule type conductive adhesive agent were produced by following the proce- 
dure of Example 14. except that alcohol was used in the place of acetone. They were evaluated in the same manner as 
in Exanrtple 14. 

40 

(Results) 

In alt tile items of evaluation, tiie results were nearly the same as those obtained in Example 14, 
This invention is constructed as described above, it enables an MC type conductive fnier coated with a thermoset- 
45 ting resin possessed of better characteristic properties than a thermoplastic resin to be produced easily at a low cost. 
Thus, this invention realizes a practical MC type conductive adhesive agent excellent in reliability and performance. 

Claims 

50 1 . A metinod for tine production of a microcapsule (MC) type conductive filler comprising (a) a step involving immersing 
minute conductive particles in ah affinity agent tiiereby treating the surface of said minute conductive particles, (b) 
a step involving immersing and dispersing said surface-treated minute conductive particles in a monomer which is 
polymerisable to form a tiiermosetting isolating polymer, thereby forming a suspension, and (c) a step involving 
polymerizing the monomer in said suspension thereby forming a thermosetting insulating polymer on the surface 

55 of said minute conductive particles. 

2. A method according to Claim 1. wherein said step (a) is preceded by a step involving cleaning the surface of tiie 
minute conductive particles. 
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75 



20 



riaims 1 to 1. wherein said aftinrty agent .s disso 

5. A method according to any one of Claims 1 to 

c h««n said solvent is acetone or an alcohol. 

6. A method according to Claim 5. where. shkI so ^ ^^^^^ 

■ • ■■--■--•"-'--rr::— — 

8 A method according to any one of Claims! to 

, .„«^.=o...»a.o™.C» ^^^^^^^^ 
10. A method according to any one of Claims l to 

eofC,.n«1to,0.whereinsa.da«i.tvage.rea^o^^^^^ 

- -rctrpSsr^sS^t^--^ 

.et..iccond.c.vepar.c.es. ^ ^ 3,,,, , 3a.d suspension dunng s.d step (c) is c.^^ 

« 12. A method according to any ^l^i^'^^^Jo rp^ 

out at a rate in the range between 50 and 25 ,„.r characterized either (a) dispersing in 

13 Amethodfortheproduc.onofa..o«P^^^^^^ 

CaTe^ an oil phase containing -""»«;;"^;,^:eC^^ the water »^aving ^^Tp^olwing an oil phase 

30 or said reaction substance ^^^^jJ^Jbstance A. thereby '^'•"'"^a suspjns^".^^^^^^^^ ^^^^^^ 

B capable of reacting with f^J^^^^^^^ one reactive substance or '^f^J^J^ tides in water, thereby - 

mermosMlirg. themioplaaic or coirWnea 

Ihereaowsubstanrals). ,rtclesatesubiecte<ltoatreat™rt«»a«u- 

.„.C.pe=o.o*aa*e*aa,an.a.c*,.= C,^n.- 
corona™ ad.a*,.^'* „aai. ,7 » ts. «.a,aln«« 
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21 . An MC type conductive adhesive agent acconling to any one of Cteims 17 to 20. wherein said minute conductive 
partides are spheres or pseudospheres. 

type curing substance or a bismaleimide/amine type cunng substance. 

23. An MCtypeconductive adhesive agemaa:ordng to any one 0fC.ain«l7to 22. which isinm^ 
finer having an thickness of not mora than 3 am. 

24. An MC type conductive adhesive agent acco«ling to any one of Caims 17 to 23 whose viscosity « not more than 
150.000 Cps. 



20 



25 



30 



35 



40 



45 



50 



55 



19 



EP 0 783 177 A1 



Fig. 1 
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Fig. 2 



COMPOSITION CONSISTING OF 300 ml OF WATER. 
lOg OF MONOMER (AQUEOUS PHASE), T.5g OF 
EMULSIFIER. AND 15g OF POLYVINYL ALCOHOL 
(VISCOSITY ENHANCER) 



EMULSiFiCATlON 



TREATMENT WITH COUPLING 
AGENT. USING 30fnl OF 
ETHYL ACETATE AND 5g 
OF MONOMER PLUS 7g OF 
MINUTE ELECTOCONDUCTIVE 
PARTICLES (Ag) . 
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Fig. 4 
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Fig. 5 
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Fig. 6 



-a 



□□□□ □□□□ 

A c- 



eg 



I B 

I 
I 



□-7 



-^□□□c^ 



25 



EPOTSS 177A1 



03 G- 





(M 


fO 


1— 


J— 






a: 


d 


< 


< 


< 


CL 


CL 


CL 




O 


CD 






2 


1— 




J— 


< 


< 


< 






—I 


ZD 




ID 


cn 




CO 


2 


2 


2 



uj G- 



iD G- 



ro O 
(M G- 



m 






1 

CM 


1 






CO 


CO 


Lil 


. LU 


LU 


Q 


Q 


CI 


O 


O 


o 


cn 




g: 


\- 


h- 


H- 


o 


CJ 


CJ 


LU 


LU 


LU 


«J 


-J 


-J 


LU 


LU 


LU 




C\J 


m 


1— 




1— 




3 


ID 


O 


o 


O 


g: 


q: 


ai 


CJ 


o 


o 



ID 
O 



CM 



CO 
LU 
Q 
O 

cr 
o 
-J 

LU 



<jD 00 



rO 


in 




CO 


CO 


CO 


LU 


UJ 


LU 


Q 


Q 


CD 


O 


o 


O 


q:: 


cr 


Ql 


I— 


1— 


1— 


o 


o 


O 


LU 


LU 


LU 


-J 


_J 


-J 


LU 


LU 


LU 



BNSOOaO*<€P 07B3177A1> 



26 



EP 0 733 177 A1 



Fig. 8 
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Fig. 9 
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Fig. 10 
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Fig. 1 1 



MINUTE METAL PARTICLES 
TREATED WITH TRlAZiNE 
THIOL 
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Fig. 12 
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